Abstract: Deep-water agglutinated foraminifera (DWAF) were studied from Cores PS2177-5, PS2200-5, PS2212-3 and PS2185-6; from the R/V POLARSTERN ARK-VIII/3 Cruise in the central Arctic Ocean. The sediments were non-calcareous containing a sparse assemblage of eleven DWAF species. A chronostratigraphic framework is presented for Cores PS2200-5 and PS2185-6. Paleoenvironmental data suggests a bathyal environment (2000-4000m) affected by water masses in the Arctic Ocean. The taxonomy of all of the DWAF found is presented and illustrated. A new species of the Family Trochamminidae; Trochammina lomonosovensis n. sp. is described and illustrated.
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TEXT-FIGURE 3
Lithological log for Core PS2212-5 (KAL).
the specimens are broken, and whole specimens are rare. However, a number of specimens from this core are described and illustrated in the taxonomy chapter.
The remaining species are only present at certain horizons, notably P. fusca, occurring at Sample 40cm, with five specimens; and G. charoides, G. gordialis and G. saturniformis all present at Sample 340cm, with one, three and one specimens respectively. Rhabdammina discreta yielded two and eight specimens at two horizons, Samples 360cm and 250cm respectively; and R. antarctica appeared at Sample 340cm with four specimens.
Core PS2185-6 -Lomonosov Ridge
The DWAF in this core are the second most abundant of the cruise, with thirteen species present in 26 samples. The core contains 37 samples in total. As with Core PS2200-5, the assemblage is dominated by C. pusilla, followed by Alveolophragmium polarensis. The core is barren of DWAF above Sample 131cm. Cyclammina pusilla ranges from the base of the core, (751 cm), to Sample 231 cm. It varies in abundance, having initial low numbers at the base and rises sharply to peak in abundance at Sample 671cm, with 136 specimens (text- fig. 6 ). Its abundance then declines, fluctuating between Sample 651cm, 25 specimens and Sample 411 cm, 20 specimens, before peaking again at Sample 391cm, which contains 121 specimens (text- fig. 6 ). It remains at low values, and finally peaks and disappears at Sample 231cm, with 111 specimens. Altogether, 1209 specimens of C. pusilla were recovered from the core, comprising 82% of the DWAF assemblage. As with Core PS2212-3, this appears to be artificially high, however, the actual number of specimens obtained from the core is low in comparison with Core PS2200-5.
Alveolophragmium polarensis has a discontinuous abundance record, first appearing just above the base at Sample 731cm, 
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TEXT-FIGURE 4
Lithological log for Core PS2185-6 (KAL).
with 95 specimens. As with the other two cores, the specimens of this species are often fragmented, probably owing to its large size or related to sampling processes. This relatively high abundance, sharply drops to 14 specimens in the following sample, which is then proceeded by a large gap until Sample 311cm, where 78 specimens were retrieved. The high value at this horizon, combined with 94 specimens of C. pusilla, produce the peak in overall DWAF abundance, (text- fig. 6 ). This differs to the other two cores, where the peak in total abundance has been solely as result of the highest value of C. pusilla at this point. However, Alveolophragmium polarensis constitutes only 8% of the total DWAF population in the core, which is lower than in Core PS2200-5. The value at Sample 311cm drops until Samples 231cm and 211cm, where there are 16 and six specimens respectively. This is the L.O. of this species.
Trochammina lomonosovensis has a wide occurrence in the core, appearing in Sample 751cm, where 4 specimens were found, and disappearing at Sample 131cm. This species occurs at the youngest horizon in the core, its abundance varies and peaks at 16 specimens in Sample 671cm, the same as for C. pusilla. Psammosphaerafusca is present from the base of the core up to Sample 471cm (text- fig. 6 ), the number of specimens is low with a peak at Sample 531cm, with 15 specimens.
The abundance of the remaining species present, including two species of the genera Rhabdammina, and Glomospira; Cyclammina sp. 1, 2, and 3; and Cystammina pauciloculata (Brady) are low. These species do not make up more than 3% of the total DWAF assemblage.
INTERPRETATION
Chronostratigraphy
The dating of these three cores and others from the ARK VIII/3 has been problematic, however, some work has been carried out in the past, including Gard (1988) Frederichs (1995) to generate age models. This has been carried out for all three of the cores studied and has proved to be one of the more precise methods used for the dating of the cores.
Core PS2200-5 (KAL) -Morris Jesup Rise
The sedimentation rates for the core and a tentative age model were proposed by Cronin et al. (1994) using ostracoda biostratigraphy. Sedimentation rates were assumed to average 1.5cm/1000 yr. This age model suggested that the upper 400cm of the core represents the last three interglacial periods, oxygen isotope Stages 7, 5 and 1 (the Holocene). Cronin et al. (1994) believed that there is a recognisable faunal sequence representing transitions from a glacial or cool to a warm, interglacial period. These are recognised at boundary terminations between Stages 5d to 5c and the boundary between Stages 2 and 1 and a transition within Stage 7. These isotopic constraints for the age Abundance plots of species in core PS2200-5 (KAL).
of the upper half of core help calibrate with the biostratigraphy of the core. However, the record from the base of the core to Sample 383cm, is not constrained isotopically. 
TEXT-FIGURE 6
Abundance of species in cores PS2185-6 (KAL)/PS2212-3 (KAL).
the DWAF are present, but are sparse for an interval of approximately 100cm. This is proceeded by high abundance peak represented by C. pusilla which corresponds with the base of isotopic Stage 5. After this point, the DWAF only occur in very low amounts and are lastly observed in Stage 1, at the top of the core.
It is apparent that our DWAF records correlate well with Frederichs' younger chronostratigraphic model. The highest abundance peaks occurred during the interglacial sediments and the accumulation rate of the DWAF is generally low in the glacial sediments. The fact that they were present at the beginning of some glacial periods, suggests that they were able to tolerate the initial temperature changes at the interglacial/glacial transitions. However, once the temperature dropped further, with the formation of permanent ice cover accompanied by deteriorating sea-floor conditions, the DWAF assemblages declined markedly in numbers. There does not appear to be any strong lithological correlation with the glacial/inter-glacial episodes through the core.
Core PS2212-3 (KAL) -Yermak Plateau
The amount of data available generated from the study of DWAF in this core is limited in comparison with the other cores, however, Nowaczyk and Baumann (1994) indicated by using nannofossil and 10Be/230Th stratigraphy, that the core ranges from isotopic Stage 6 up to Stage 1, which included four geomagnetic polarity events within the Brunhes Chron. 
TEXT-FIGURE 9
Abundance of DWAF shown against isotopic stages for Core PS 2185-6 (KAL).
sented by a line. There is a period of low abundance of DWAF, corresponding with isotopic Stages 20, 19 (Brunhes/Matuyama boundary, 780,000 B.P.), 18, 17 and 16. This period ranges from 763-620 Ka. This is followed by the largest abundance peak in the core, represented by 175 specimens at 310cm, correlating with the interglacial isotopic Stage 15 (620-565 Ka.) Spielhagen's work proposed that this may be as a result of enhanced bioproduction. This is highlighted by high planktonic foraminifera abundance within 10Be-rich layers at 240, 215, 175, 35cm and in the core, corresponding with isotopic Stages 15, 13, 11, and 5 (text- fig. 9 ). It should be noted that these levels are at slightly different levels in the core to those proposed by Frederichs (1995) which are used for the purpose of this study. This is possibly due to data re-calculation. However, the DWAF do exhibit peaks at the Stages 15, 11 and 5 proposed by Frederichs (1995) . Spielhagen indicated that these stages were identified as the only "very warm" interglacials in the Norwegian Sea during the last 600 kyr by Henrich and Baumann, (unpublished data). The DWAF are then absent from approximately 465-362 Ka., until they exhibit a peak at the top of isotopic stages 11. There is then a further gap in the DWAF record until the middle of isotopic Stage 5. The peak is represented by only a few specimens of Trochammina lomonosovensis. This may correspond with the warmer interglacial periods of the Eamian, 5e or 5a. The DWAF do not occur above this point in the core.
The paleomagnetic analyses (variation of magnetic inclination)
enabled Spielhagen and others to identify geomagnetic events within the core. They identified the main chronozone boundaries to be in the same position in the core as Frederichs (1995) . It is therefore possible to describe the positions of the events. The first one identified from the base, in the Gilbert chron, was the Thvera event (500-485 Ka), followed by the Sidufjall (447-432 Ka), Nunivak (420Ka-405 Ka), and Cochiti (390-380 Ka), marking the end of the Gilbert chron. The end of the Nunivak event corresponds with a DWAF peak at 670cm. This may be related to the environmental conditions prevailing during the duration of the event. The middle of the Gauss chron is marked two events, the Mammoth and Kaena. These do not appear to correlate well with any DWAF record. The two final events identified in their study, the Olduvai and Jaramillo, are within the Matuyama chron. Both of these precede peaks of DWAF, which may suggest that they had some climatic impact, resulting in higher organic flux, therefore enabling the DWAF to support to a larger living population.
Paleoecology and Paleoceanography
Core PS2200-5 -Morris Jesup Rise
The ecological characteristics of modern living benthic foraminifera, including DWAF, are directly comparable with those from the Pleistocene. This principal was used by Murray (1991) and it is from this data base that the paleoecological characteristics of the genera are taken for this study. We conclude from the paleoecological data that the DWAF lived in a bathyal environment, the water chemistry was corrosive, preventing the preservation of calcareous benthic foraminifera, and it may have been a disturbed environment, reflected by the low number of DWAF present compared with a modem Arctic assemblage.
The dominant genus in the core is Cyclammina and it is present
Core PS2212-3 -Yermak Plateau
The dominant genus Alveolophragmium, has a modem ecology of being epifaunal, living free on sand and is a marine dtritivore conditions. We believe that the interglacial/glacial stages can be recognised in Arctic sediments using the DWAF abundance fluctuations alone, without isotopic records from calcareous benthic and planktonic foraminifera. This highlights the importance of the agglutinated foraminifera and proves that they even though they may be low in numbers in the central Arctic Ocean, they deserve equal study to that of the calcareous benthic and planktonic foraminifera.
We reinterpret the chronostratigraphy of Core PS2200-5 from the Morris Jesup Rise, based on DWAF evidence to suggest that sediments at the base of the core correlate with isotopic Stage 16. This refines the previous age model based on paleomagnetic stratigraphy, and AMS 14C dating. We have calibrated the DWAF record with the paleomagnetic framework in Core PS2185-6 from the Lomonosov Ridge, extending the Arctic DWAF record to the lower Pliocene.
The paleoenvironmental data is interpreted from the three cores, concluding that on the basis of the paleoecology of the dominant genera present, the DWAF lived in a bathyal environment, which was at times disturbed and was generally not advantageous to the preservation of calcareous benthic foraminifera.
The taxonomy of the 11 DWAF species found in the studied cores is presented and illustrated. This includes a new species from the Family Trochamminidae, Trochammina lomonosovensis.
Further study is required to generate a more complete database of the DWAF from the central Arctic Ocean. This will provide more concrete evidence for the chronostratigraphy of the central Arctic Ocean, the behaviour of the DWAF, and the oceano- (Bronnimann 1979) . However, in the description of Paratrochammina, Bronnimann indicated that its aperture extends beneath the septum from its points of attachment on the umbilical wall of the first chamber of the last whorl to that of the preceding chamber. Bronnimann and Whittaker (1988) . I .
